Bioactive bone cement (BABC) is a novel artificial bone cement. It has some noteworthy characteristics that are applicable to neurological surgery. The toxicity of BABC to the nervous system was tested by im planting BABC and polymethylmethacrylate (PMMA) cement as a control at the parietal and the suboc cipital regions of the skull in beagles. The auditory brainstem response (ABR) was tested before and af ter implantation.
Introduction
Apatite-wollastonite-coating glass (AW glass) ceram ics form a tight chemical bond with living bone tis sue through an apatite layer, and these ceramics are now used to repair bone defects and deformations .2") Bioactive bone cement (BABC) is a novel artificial bone cement made of silane-treated AW glass powder, consisting of MgO-CaO-SiO2 P205-CaF2, and bisphenol-a-glycizyl methacrylate diluted with triethylene-glycol dimethacrylate to form a paste, and a hardener made of benzoyl peroxide and N:N-dimethyl-p-toluidine. BABC hardens about 5 minutes after mixing the two components with a slight release of heat. BABC also has bioactivity and can be shaped in an operation room. Direct bonding between BABC and bone occurs by 4 weeks, and the compressive strength and toughness of the cement are two and four times greater, respectively, than those of polymethylmethacrylate (PMMA) cement.') These characteristics indicate that BABC may be ap plicable in neurological surgery as an artificial bone cement. This study examined the direct toxicity of BABC on the cerebral cortex and the acoustic nerve in beagles.
Materials
and Methods BABC or PMMA cement was implanted in four male beagles (7-9 months old) by the following method. Burr holes were made (approximately 2 cm in di ameter) at the paramedian-parietal region and the suboccipital region below the lateral sinus and medi al to the mastoid air sinus; the latter is adjacent to the internal auditory meatus within the skull. The dura mater and the arachnoid membrane were opened, and the burr holes were filled with BABC (Nippon Electric Grass Co., Ltd., Shiga) or PMMA cement. All procedures were performed under anesthesia with pentobarbital. In animals 1 and 2, BABC was implanted on the right side and PMMA cement on the left side. In animal 3, only BABC was implanted on the right side, and in animal 4, only PMMA on the left side. Animals 1 and 2 were killed 6 months after implantation and animals 3 and 4 were killed after 3 months.
The auditory brainstem response (ABR) was recorded before and after the surgery, and just be fore death. ABR was measured under anesthesia us ing 90-db hearing level click stimuli repeated 2048 times at 10 Hz using a Neuropack II (Nihon Kohden, Tokyo). After shaving off the fur, electrodes were at tached to the frontal midline (ground), to the parietal midline (positive), and to the earlobe (negative).
After death, the cerebral cortex and the acoustic nerve, which were adjacent to the cement, were resected and fixed in 10% formalin.
Paraffin-embed ded sections were stained with HE, Kliiver-Barrera, and Bodian stains.
Results
All ABR waves detected before the surgery were still seen after the surgery. Wave II in animal 2 could not be detected at every recording. In all animals, wave I latencies were not delayed compared to the preoper ative recordings. The ranges of delay in the latencies of wave II and wave III on the BABC-implanted side were +0.1 to -0.2 msec and +0.2 to -0.3 msec, re spectively. These ranges were not greater than those of wave II and wave III on the PMMA cement-im planted side, +0.1 to -0.1 msec and +0.3 to -0.2 msec, and on the non-implanted side, +0.2 to -0.3 msec and +0.1 to -0.3 msec (Table 1) . BABC had already bonded with the surrounding bone in both the 3 and 6-month postsurgery animals. Transmission electron microscopy demonstrated new bone formation on the BABC surface (data not shown) but not on the PMMA cement surface. BABC had not adhered to the cerebral parenchyma or the cranial nerves, and their appearance had not changed compared with the surrounding tissues. Microscopy found slight gliosis in all cerebral speci mens adjacent to the cement, but no difference in degree of gliosis with no damage to neuronal cells or fiber. No inflammatory reaction or fibrosis was seen (Fig. 1) . No demyelinization or inflammatory reac tion had occurred on the acoustic nerves (Fig. 2) . Ca" and Si4+ dissolved from BABC react with Cat+, P04 3-, and OH in the body fluids to form an apatite layer. 1-4'8) However, this ionic reaction may have an effect on the neurons. In our model, BABC was kept in contact with the cerebral cortex, and situated close to the acoustic nerve at a distance of only a few millimeters through the cerebrospinal fluid. Under such conditions, the neuronal tissue would be affect ed more markedly than under clinical conditions in which the dura mater is present between the BABC and the brain. Moreover, any interaction between BABC and PMMA through the cerebrospinal fluid was eliminated by implanting only one type of material in each animal in the 3-month group. We killed animals 3 and 6 months after implantation since ionic reaction and apatite layer formation of BABC occurred actively within 6 months. Acoustic nerve injury is expected to increase the latencies of waves II and III.') However, in the BABC-implanted side these latencies hardly in creased and were not greater than in the PMMA ce ment-implanted or non-implanted sides. The stan dard latencies also change as a dog grows. Wave I III interpeak latencies in beagles stabilize at 4 weeks of age.') Larger cranium size and body weight of the dog both result in longer latency of the waves.') The beagles we used were 7-9 months old at the begin ning and continued to grow through the study Therefore, growth did not account for the delays in 
